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[Wf#3H l ] 

&Utm^U±K^m^fl^ C 02 MGai-x Alx i¥JEt. 
±I5C02 MGai-x Alx i¥J9U± L 2 i f tt B 2 U 
±ia»KOMi±T i , V, Mo, W, Cr, Mn, F e <D^ <D 1 mt tz \i 2 ®£JL±^ 

[m^m 2 ] 

tufe^^tti^^^-tj' 5 0 0 0 ClikT<DUm^lJU^LmmC 02 MG a i-x Ah %Jg| 

mm. t-tz, m^m 1 Kmwwm&mwko 
[li^a 3 ] 

fuf5M^\ iif S i , iS^T,, MgOW, G a A s JjiiPNI , Ah Os JjMSJI 

(Dmtifr— ot* & t t £#m 1 , it i xii 2 ^lam^H'S^iio 

[Iff 4 ] 

TtufBMi iuieC 02 MGai- x Alx WM^m v 7 r -g^@Ef££ *LT i t 

m^m 5 ] 

minify yr-m^ % \ Al, Cu, Cr, Fe, Nb, Ni, Ta, NiFeOH© 

m^m 6 1 

(O^W&Mifi, L2i £tzl±B 2 mmM*^(ir &C 02 MGai-x Alx M 
liTi, V, Mo, W, Cr, Mn, F e <D^<D 1 fit tzit 2 M&±frb & *9 „ M4>^¥ 
iMffiW^M Z 5 . 5^Z^7. 5"e&*K OsSxsSO. 7) Mi^JBIt?&&£ 

[fit « 7 ] 

mzmmmifi, m^mt? v-mtxm^), m^v-m^L 21 s £ t± b 2 

*ft^Co2 MGai-x Alx MliT i , V, Mo, W, Cr, Mn, Fe 

<D^<Dim t fzlt2M£k±frb%:t), U^fD^^MM^-WkStZi^S . 5 Z =£ 7 . 5 X%> 

■K o^x^o. 7) gttsit&irfcitstts, »*?M6 Kifemo h 

[f»*Jl 8 ] 

ttlSM^»^^^tf 5 0 OrmT^SS^MttfjfBC 02 MGai-x Alx MB 

msit-tz, m^m 6xi±7 K&mo v * * ^m^mm^m** 

lmi^.M 9 ] 

fulfil t Itrlfi C o 2 MGai-x Alx MliT i , V, Mo, W, Cr, M 

n, F e <Dtip<D 1 If tzii 2 3t£Ui^ & <9 > M^o^^m^flt-K Z # ? 5 . 5 ^ Z ^ 7 

. 5 -e* 19 > 3&»o^ o^x^o. 7) t <DfflK^y 7 r -mj) t W>t$:-£tir^& i t 
1 0 ] 

fufE*«7& s \ «HfcS i, #9*, MgOW, GaAsW A 1 2 Os MiH 

tulB^^ v 7 r Al, Cu, Cr, Fe, Nb, Ni, Ta, NiFe»H« 

o 

[it 3m 1 2 ] 
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&u±.^mk<Dmmkm*^ir&w.jKm%tmM^n^^&^x, ^-<7)^ 

£!t'M#\ L2i ifciiB2fW^tt^Co2 MGai-x Ah (iit, Mf±T 
i, V, Mo, W, Cr, Mn, F e <7>4«0 1 fit ifctt 2 aM_t^£> & ^ , M^cD^piSjfffi 
m^-MZ^5. 5^Z^7. 5 -e^> «9 . #>0, O^x^O. 7) M^M^ >9 , MM 

m&m 1 3 ] 

tui23i£Mtt/i^\ BjgJS t -7 y -m b »k fc? y 2 1 , b 2 , a 2 

'fpffL^— ^<D%&*^i-%> C 02 MGai-x Al x MiiTi, V, Mo, W, 

Cr, Mn, F e (D^ff) 111 ?zl$2m&±frb% »9 , M^W^fffiW-fli^ Z 5 . 5 
^Z^7. 5T-&*9, O^x^O. 7) & £ t t & > fjfM 

[f»*Tl 1 4 ] 

mmmK^Mium^^ts' 5 0 0°CmTcO^-ein^LtfrtBC 02 MG ai- x Alx 
£j£fll"t£/&N $ ±l±Z<D)&mLtzmm*Z biz 5 0 Ot^T^S&^ISy&SLfcii:* 

[fi^ii 1 5 ] 

ttf IB^E b mflB C o 2 MGai-x Alx MI±T i, V, Mo, W, Cr, M 

n, F e<D^<Dim.$fcli2&&±frb&Q ^ MtpfDSflfyffim^WkStZiPS. 5 ^ Z s£ 7 

m&t-tZ^ 12-14 O^tL^HCfBm^gTcH^^m^T-o 

[it^ji 1 6 ] 

ttrf£M^\ mtWLttS i, MgOm, GaAsTO H B H , A 1 2 Os #S H B H 

Offitifr— £ t £ #H £ -f- £ x 12-15 OfpTtL^^fBftOg^t^^/C 

[ft^Jl 1 7 ] 

ttilB^^-7 7r-il^\ Al, Cu, Cr, Fe, Nb, Ni, Ta, NiFeOH© 

< i: *>—oihh$uZ> Z. b tflltttJ, B»M 1 5 Hfa«OE«^ii£iii3^*^o 
[lt*JM 1 8 ] 

L2i 3feteB 2fiij|^ft^ C 02 MGai-x Al x (Cit, MliTi, V, 
Mo, W, Cr, Mn, F e <D$><D lMtfzli 2m&±frb% ^ M^©WilflI 
Z^5. 5 ^ Z s£ 7 . 5-e&*9, ^o, 0 ^ x ^ 0 . 7 ) ^tt*JK^*^± £ *LT 

[ffil&g. 1 9 1 

~7 y -jf^tufBC 02 MGai-x Alx MiiTi, V, Mo, W, C r , M 

n, F e OtpO 1 mttzi± 2U£k±frb% «9 ^ M^^ilMZ^S . 5^Z^7 
. 5 O^x^O. 7) Ittllt^S h ^^^^S^M^t/tfig 

[|f 2 0 ] 

itm*«£&tM£^tr 5 0 0 °CmTO^-eMLtufBC 02 MGai- x Al x MM 

nt« 2 1 ] 

ifu t tulB C o 2 MGai- x Al x (iit, MliT i, V, Mo, W, Cr, M 

n, F e<D^<Dim£?zl$2m&±frb%:ty, M^(D^mmTi&mZ&5. 5^Z^7 
. 5 -C* IJ,^o, O^x^O. 7) Silt co^k:^ 7 T~®# ? @5|&£tLfc > >^;v$£ 

[WMm 2 2 ] 

mmmRfr\ t&mtS i, ^'9^, MgOm, GaAsmit H H H) Al 2 Os fi H H H 
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£#mt1-&> itil 8-2 l^W^:|Bl©I^f^Vx„ 

[f»*?M 2 3 ] 

lUgE^" y-7r-Jl^\ Al, Cu, C r , F e , Nb, Ni, Ta, Ni FeOH^ 
[W 2 4 ] 

L2i f 7t(±B 2-i.ffi«5t^^"i-^> C 02 MGai-x Alx (ttTN MtiT i , V, 
Mo, W, Cr, Mn, F e <D$*(D imt tzli 2 m.£k±frb%: *0 , M + ^TO-fffim^ftS 

[ttM 2 5 ] 

•7 'J -jf^tulBC 02 MG ai-x Alx (iit, Mi±T i , V, Mo, W, C r , M 
n, Fe<D^(Dimttzl±2m&*±frb%;V,M^co¥tyiMn^lJk&ZffS. 5 s£ Z ^ 7 
. 5 -C & 19 . , 0 x 2i 0 . 7) & h > * /H&£tigjfi8&*& ; ?- 4 ^ tt E 

fBfllslfio 
[If ^JJ 2 6 ] 

itriaM^iEijp^^^tf 5 0 0°cmTO7^-eijn^LHfrlBC 02 MGai- x Ah »m 

ttfc h > * ^i^s^m^ t tz \±ui<m.%mmmk=$- *m ^ tzct t-r&^ 
m^m 2 7 ] 

Iff t m m C 02 MG ai- x A lx (Cl^-e, MiiT i, V, Mo, W, Cr, M 

n, F e <D^<D 1 tzlt 2U&±.frh%: U , M^O^F^fffim^-itS Z ^ 5 . 5^Z^7 
. 5-e&"9, *»o % O^x^O. 7) jflltcoFBl^^-?^ 7 T-miPWM-Zfctz Y 

^g^*^ ^ tz \± w.i<m.%imm^m^- zm^tzzt* #m t -r & , m^M 24-2 

[ft*^ 2 8 ] 

BtrlB»E^\ l»ftS i, #7^, MgO« GaAsW, A 1 2 0 3 ijM&fH 

Hff ttS, W^2 4-2 7 OMtL^^ia«oa^y K^t/^IBil^go 
[fflf&g 2 9 ] 

fffffi^ 7 7r-i#\ Al, Cu, Cr, Fe, Nb, Ni, Ta, NiFe^HO 
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[0 0 0 1 ] 

[fft«] 

[0 0 0 2] 

&m&m/wm±i&mm<Dg>mmfrh%&ujzM^mffi (gmr) a**^ s. 

(mtj) m^tf, ffLv^#^>-9— ^SM^y^y^^^i^^'J 

(MR AM) IftLT^BSiitv^o 

g^It^^^M*^^ JBtmrt Sract- ^ ^CD C I P (C u r r e n t I 

n piane) m^w.±m%mm^m^- 1 , iiiracn^it^^yoc 

PP (Current Perpendicular to the Plane) W-0k 

m <a#w i~ & w %> * tr ws^tm k & <9 > -«& c p p #3t e^^sssaft**^ 

[0 0 0 3] 

jlwx if y SrHsfeS^S^, tf >/^ya^Mv^ttT^«So C P Pli^tox if 

Eiittl^)l«$#2 0 0 ^ n • cmSffitGMR 

[0 0 0 4] 

s$3&*2v^c***, v> *> I* a h v * ;nB&t«£b (tmr) ^jfrFML-cfffcti* (## 

PMWU —oost^tt-fr^^ tf>^^^^tL-rtLPi , P 2 i:***^ — IfcKTlB 

(i) ^-c-^-x-ibttaifc^ibtLrv^o 

[0 0 0 5] 

TMR=2Pi P 2 / (1-Pi P 2 ) (1) 
£ i t:\ W&fefaO* tf y^M^P 14 0 < P s£ 1 C9lt£ o 
[0 0 0 6] 

-g-o^j 5 o^--t> h-ejbSo 

[0 0 0 7] 

^'J (MR AM) ^<Dl&mil*MftZtiX^Z>o MRAMtlt MT Srv h V y 

t^ro^Itti^swtm R¥firl:MIPtl)iiti «5 . "1", "0"£t2ii£ 
« Q |%^tBUi. TMR^**flJffl LXff v o L^U MR AM^Ii^Mo^fei: 

[0 0 0 8] 

_h|B (1) 5£;fr J: "5 K> P = 1 ©«Stt#«rfflv>* iiRC^S 4TMR« 
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ittft?, VtiHkWr&lZ&sXy Fes 04 , Cr0 2 , (La-Sr) MnCh 
, Th 2 MnO? , Sr 2 FeMoOe & if<Z>HMM&> N i M n S b & ¥<D^- 7*4 7. 
y C 02 MnGe, Coz MnSi, C02 CrAl&^L2i flNSfc 

07JV*-f^7-M^W^-7^^;i/i Ltftl^titv^o ix.li\ C02 MnGe 

& if Ot&3£?> L 2 1 «3& 7^*>f X 9 --fr^ 1436*1 * 3 0 0 TCeBEKimUfcU $ 

2#M) o 
[0 0 0 9] 

W$L, ^-7^^;KOCo2 C r A 1 OitSft^ ^ C r ©-i F e ttt L f; C 
02 Feo.4 Cro.e AU, ^ > KflOlittf 4 *Ltf, L2i lO^-7^?;V 

■ciiik ^$R^ $ *i fe 3 #M) 0 £ fe , * <d mm £ m Wc h > * ^® 

[0 0 10] 

ZKiHftt. $ ttfe 5 ) o 

[0011] 

[^tWWJcWt 1 ] T. Miyazaki and N. Tezuka, "Spin polarized tunneling in fe 
rromagnet/insulator/ferromagnet junctions", 1995, J. Magn. Magn. Mater, L39, 
p. 1231 

[^Pt^if 2 ] T. Ambrose, J. J. Crebs and G. A. Prinz, "Magnetic pr 
operties of single crystal C2MnGe Heusler alloy films" , 2000, Appl. Phys. 
Lett., Vol.87, p. 5463 

[#M# ftXM. 3 ] T. Block, C. Felser, and J. Windeln, "Spin Polarized Tu 
nneling at Room Temperature in a Heusler Compound- a non-oxide Materials with 
a Large Negative Magnetoresi stance Effect in Low Magnetic Fields", April 2 
8, 2002, Intermag Digest, EE01 

IW^FfFXM. 4 ] K. Inomata, S. Okamura, R. Goto and N. Tezuka, "Large tu 
nneling magnetoresi stance at room temperature using a Heusler alloy with B2 
structur", 2003, Jpn. J. Appl. Phys., Vol.42, PL419 

[#N#!M\£Sfc 5 ] I. Galanakis and P. H. Dederichs, "Slater-Paul ing behavior a 
nd origin of the half-metal 1 icity of the full-Heusler al loys", 2002, The 
American Physical Society, PHYSICAL REVIEW B, Vol.66, pp. 174429-1-174429-9 

[0 0 12] 
[0 0 13] 

±M<DJ^-7* ?)l"DC 02 CrAl^il, s^-y* ? frW^tfftMZtlX^&j)*, 
3 0 OtI±HMt^55\ S »±SM-CJ«tt» 3 0 0 °cm±co^-e-»Si-* 

tiX^&ibK V^f iii^iSWTMRIilif CILt/h^ <> Fes 0 4 *fflv>fc»#tf>af 
* 1 0 ofco 

LT jo 19 . *-*U;: 4 o Tjtffi<£> 7 7^7 ^ilTC Lfe *) „ f fe UMit Ltz *) ir & b i>jz 
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tea*** zt, ttz, ^ ^ttiiti^g^ se^j^iift ctit^ #tc h 

[0 0 14] 

Fll^iittSt^-?^ 9)V-Z:%>2> i t^fjBStLtv^, C02 Feo.4 C 
ro.e A 1 fll^uOSJI^fflV^; > > ^ JU^^ifif^M.^ ft^ TM R h flX 0 
L^L>fe/6 2 ^, x = 0t*4Co2 CrAlflJ-e«. B 2 IS^icO C o A I It^WM^ 
TgcJS&fcJ&fc, B 2ffltfn?£>& C oAUA 2# jfTr&£ C o C r fc O 2 ffi^St^fe t 
^1"<h ^-7^^JV#tt«§WCo2 Feo.4 Cro.6 AlIJ|©i^j:M 

[0 0 15] 
[0 0 16] 

*HW^i4, G a A 1 fc#LvMffi*^*tf-^*7G3irc* *) , CoGaii, CoAl 
«^3fe"Ct±&v>ifc«:#JtLT, C02 MGai-x Ah *JR*f^»Lfcjft*, -<£>JK 
ttM-CBHBte"?* 19 > it?:iJ)Di> * fctt 5 0 0 tJ&TOiftft-ejSIIILfc *9 > 

SfcfciOfctt* 5 0 OtJaTOSStMt^- i: KJ: 19, L2i £ 7t i4 B 2 

[0 0 17] 

ai-x Alx mmt, fcfltx., C02 MGai-x Ah fil±L2i £ tt B 2 i£fflfl*ji 
£^TU Sl©MliT i , V, Mo, W, C r, Mn, F e«^©lll fcl±2tfl±# 
«9 . MttxD^&jmm^iikMZtfs . 5^Z^7. 5 T?* *9 , **0 % O^x^O. 7T 

±ISM^*3V^T, 0i L< 14, 5 0 Ot^TOiiKtMLfia 

C02 MGai-x Alx £ fctti©JSHLfc*I*Se)i: 5 0 0 "CJgl 

T«iaitl*It^o ±|5Mii4 N MHbS i, MgOig-ltUt, GaAsffi 

iH, Ah Os ^^ a <7)^ft^— ot^tilfiv^ ifc, SttCoj MGai-x Ah 

StJt^>IWH^y 7r-»5& f HBR$tLrv»r % «tv» 0 i^»;7r-|i:Uli, Al, C 
u, Cr, Fe, Nb, Ni, Ta, N i FeOH©^4< it-o^Jti^ 

[0 0 18] 

t^JCo2 MGai-x Ah MiiTi, V, Mo, W, Cr, Mn, FeO 

tp<D im.t?zi±2m&.±frh% <9. M*<^TOM^-iiftjgZ^5 . 5^Z^7. 5T?*9 
, ^O, O^x^O. 7) m&MWk (&T> liCoz MGai-xAh (O^x^O. 
7) IttSK/:iifCCo2 MGai-x Ah IfjEtn?^) 4r&<6 £ *„ 
[0 0 19] 

WSC02 MGai-x Ah M(4T i , V, Mo, W, Cr, Mn, Fe 

19, ^o, O^x^O. 7) Ittllt'^^it^ttfcf^o 

±ib«^;^^^t, fft L<t4, mfem 1 7 >; -Ji t xj& «9 > 7y-in 

L2i f/;l±B2#ffiM^|it^Co2 MGai-x Ah IttilX^^o ^ 7^. HfrlB 
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5 0 0 "CJ^TO-SftiOiLC 02 MGai-x Ah »JR£j&II1-£ 

, ittUli, H»ffcS i, 2f77, MgOIMS, GaAsWa, A 1 2 Os 
fiW-OfftL**— OT?*tLtfJ:^o i«iCo2 MGai-x Ah HtJRfc W|BHc/<y 7 

r-W55*HB^$tLTV»f"6 <tv^ 0 iOAy7r-il±, Al, Cu, Cr, Fe, Nb, 
Ni, Ta, N i FeOH^^< t^-ot'iI$tLSih^f l^o 
[0 0 2 0] 

_tffi#j& =fc tU4\ is v> x % f&W^-e t m R co^v § v* h > * /H8*Cffigi;S&* 

[0 0 2 1 ] 

tt»** : f-C*V>T, frit < «»— #05i*l£«^> L 2 1 *7t(±B 2i|i.fflt&3i*^1-* 
C02 MGai-x Alx (CiT, M(±T i, V, Mo, W, Cr, Mn, Fe<D^(Dl 
mtfzl±2M&>±.frb%V), Mt^il^tlZ^S. 5^Z^7. 5 Tab "9 > 

, o^x^o. 7) MmmttiftK%m#mtL&mi&£\'fcz£*^ 

itu fBM'M (4 > @5eJft yV-mt-CJ&l). 7U-Ji**L2i f/:fi:B2fffiiI^ 
tt^Co 2 MGai-x Alx (O^x^O. 7) ittllt^^ t £ LV> 0 _L|2 

M^^M^-a-tf 5 0 Ot^TOM^tmikLC 02 MG ai- x Alx «EJR* JftJR-T * 
sK i/;lii(?)tILtiI*?M:5 0 0TC£lT«t|«iLTUv> o ItK 
02 MGai-x Alx Wm<OMfc;iy 7 r -JBSrK^-f* J: "5 J* LT % iv^ 0 MtLt 
i±, Sa@MbS i, #"9 7, MgO|g H B B , GaAs^ H H H , A 1 2 Os #^ H H H C0MtL^- 
o-C &*U4J:v> 0 £?z, ;t 7 7 7-ili, Al, Cu, Cr, Fe, Nb, Ni, Ta, 
N i FeO^ %<D>pt£ < t & — OT?flfJjS^4 it^T'i^c 
[0 0 2 2 ] 

[0 0 2 3 ] 

£t ^HKO^&tV^TxW:. L2i if:ttB2Mij|*tfl>Co2 MGai- x 
Alx MttTi, V, Mo, W, Cr, Mn, F e <D$><D lUtfclt 2 &£k± 

frbft*), M^«f^tfl^SlZ^5. 5^Z2£7. 5-C*»)> 5&*o, O^x^O. 7 

2 MGai-x Alx (O^x^O. 7) ?S8tt*Jg|^e>^* h > * frmiti&mb&ttt tz 

#tf5 0 0tfllT«-eMLCo2 MGai-x Alx fcJUfcjft £fcJ4££> 
Mt^fi^? 5 0 0 t JJlTOSS-e W L Tftl ? ^ t o 

It SStCo2 MGai-x Alx (0s£x^0. 7 ) If j££ oRIc, A? 7 r -if 

&o Krta*«**, MHfcS i, #7 7, MgO» GaAsfg H B H , A 1 2 Os 

t 3&*T § & o ^7r tLt, Al, Cu, Cr, Fe, Nb, Ni, Ta, NiF 

[0 0 2 4] 

±|B#^^4tL{4\ MH*V>T, MSSll^eTMR ^» GMR O^ci v»M^ 
[0 0 2 5 ] 

ifcs KXfl^iaftSf L2i £ fet4B 2 & C 

02 MG ai-x A l x M{4 T i, V, Mo, W, Cr, Mn, Feco^coifl 
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o ^ x ^ o . 7 ) ?«?¥m^m± $ fix & & i t * mm. t -r & „ 

±fB**t*v^-C, ^ L < l±, "7 U -Jl#Mtu!BC 02 MGai-x Ah 0 

ss x o . 7 ) $£f£)»T- & & h y * *«*tffiiiba&*3R : J L f ta E:ta8$t3g#i;S&** ; J 1 * 

fflv^o St^iM^^tf5 0 O'C^T^filfMLC 02 MGai-x Ah *JR«r 
jRHt-t**^- *7tf±i^J8IL^»|gl4:§ fe K 5 0 0 tJ^TOfiMfelLt^S?^ 

ttz, i«i:Co2 MGai-x Ah WMb <Dffilzs*y 7 r -gtf*IEt££ tLfc h 
»tS^CSl**?- * tt g*J8*tJfiiSa&** : ?- £ Ji v> T & J: 0 f £ > «<b S 

i, Ify*, MgOijUSJI, GaAsM, Ah Os SMtrfi^tL*-- ~o~?$> 2> V > 

* /ns^iita**^ * a g^&fi&ssr**?- tfflv^i^tiio $ fe \- > 

7 7-I#, Al, Cu, Cr, Fe, Nb, Ni, Ta, NiFe«HW<H 
[0 0 2 6 ] 

[0 0 2 7] 

#f&9J J: *UT, L2i ifcliB 2J£ftfl*3ic«:#-*-S C 02 MGai-x Ah (iit 
„ MliTi, V, Mo, W, Cr, Mn, F e <7>4>0 1 tt* tz \i 2 «J£Uu&» & *) > 
©f^liili 1 !! Z tf s 5 . 5 s£ Z 2£ 7 . 5 "C* lj , 3&»o % 0 ^ x ^ 0 . 7 ) $£14i»Mfi, 

Sili:*v>r, M-£-f izftm^ 5&*t* ^„ $ fe k , 5iM'tt#tt * ^ L . * fcf > ^ 

[0 0 2 8] 

ttz, *#&HJ<7>L2i 4 /cttB 2#ffi#jt^^1-^ C 02 MGai-x Ah 
MI±T i, V, Mo, W, Cr, Mn, F e <D^<D 1 «f fcl± 2 W&±.iJ* fe & <9 > M^O 
TOffim^-itJS Z 5 . 5^Z^7. 5T*«K O^x^O. 7) ^tt^J!K£fflv* 

MRWit#t^ 0 
[0 0 2 9 ] 

*H^L2i ifcliB2lMi*S**taCo2 MGai-x Ah 
, MiiTi, V, Mo, W, Cr, Mn, F e O^?) 1 tz ti 2 «J£JLhJ&» fe £ «J , M^ 

Z j&» 5 . 5 s£ Z ^ 7 . 5 0 , **0 % 0 ^ x ^ 0 . 7 ) «?¥IE£JB 

[0 0 3 0] 

ttfcj-JSS-*" * ^ {4 Srffl v> S o 

Ell {4, *!&WJw«*|Sl^^I8KJ:4aSttifJ||<o||flSBI , C*4o EH Pffi^ 

Ks ^m<Dm'\±mmia, m&2±K, ijai:^^tco2 MGai-x Ah mm 3* 

BBKLTV>4o C 02 MG a i-x Ah Sl3 ^i3V>T, M(4T i , V, Mo , W, C r 
, Mn, F e <D^<D im$tzl± 2 5|IJ0LLd»fc& 1), M^O^^ffifiS^aUK Z 5 . 5^Z 
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JtffiTnft^Ti, V, Mo, W, Cr, Mn, F e (DZfi^tlK&^X , Z T i = 4, Zv 

= 5, Zcr=ZMo=Zw =6, ZMn=7, Z F e = 8 t. /ESI"t" <2> o 

MfCr, Mo, W©*^C {4, ¥^flSf"lS Z # ? 6 *9 „ ±|EO 5 . 5^Z^7 

MiaM 2 i- a fci"4o i^"e> Mi , M2 {4, ±&V>&mMfr hMHti>& * 
Milttt, Mi ^a-e$)l9, M 2 ^l-aT-^)^o LT, Mi , M 2 OfiffiH^-it^ 
Z*-€-*l-F*U Zmi, Z M 2i:i-^o t©MiaM 2 i-a©¥^fti^tSZ (i, Z = aXZm 
+ (1-a) XZM2^ft^^^, i(7)Z^5. 5^Z^7. 5fc4Si^t, MOMj^^r 
#ta6tU44 v* c 

mm-ik'&z*. 5. 5^z^7. 5 ^pjE.f^> i ^ t'Moji^^i-ttif j;v^ 0 c 02 

MGai-i A l x fl3 54, 19 . €^£^^2 0 0 /ifl - c mfl^ 

IK2ii<7)C 02 MGai- x AU 3 «0lIJ¥f4 1 n mJ^± 1 ^ mJ^T"C$>^{44 v* Q 
[0 0 3 1 ] 

hCo 2 MGai-x AU M(4T i , V, Mo, W, Cr, Mn, F e <D^<D 

Hi /c(± 2«Jil±^£>& >)> M*©¥^li^ISZ^5. 5^Z^7. 5*e*9, 5&* 
O^x^O. 7) Ifll3 t<7)^^^^^-77-iS4^}$A$tLTV^ 0 ;t?7 T -® 4 
^■JfAt^ut'e, ISUOC02 MGai-x Alx (ii^ O^x^l) *SH3<7) 

[0 0 3 2 ] 

±mmmwk 1 , 5 m v> £ « 2 s i , U 9 * & z m g o . a 

1 2 Os , GaAs^^W^IV^it^t^o Ay7r-l4tUli 
, Al, Cu, Cr, Fe, Nb, Ni, Ta, N i Fe4^fflv>4£t#T?l4, 

±|BC02 MGai-x Alx M(4Ti, V, Mo, W, Cr, Mn, F e <D 

^ © 1 1 1/; (i 2 ia±* f> ^ ^ M ^ ©T^ttli 1 !^ Z ^ 5 . 5^Z^7. 5 "C* 
s **o % O^x^O. 7) ?|EffiS3 tf>18IJ¥ti> 1 nmJ*JL±t? 1 ^ mJ^Tt?& tUf 4 v> 0 Z.<D 
WMifil nm*i§-e(4, ^SWCtlt-S L 2i £ fc!±B 2 #ffifllJt*#* O^BitC^ 

[0 0 3 3 ] 

IH 3 54, *$&mcom 1 ©ilfl^lttlll^V^C 02 MGai-x Ah 
, M(4T i , V, Mo, W, Cr, Mn, F e <D^<D 1 ®f tz\± 2 «JBLhj&*£ * <9 > M* 
«iIWZ^5. 5 Z 7 . 5-?**K OsSx^O. 7) O ^fll^ 

»JwSiW-t-&iat?**o ElC^i-#3t{4, bcc (fobttWF) W«i(ISl*ttlSW8fif 

(ft^-SSJfc-e 2 ft) ©ll^Ltv^o 

C02 MGai-x Alx C0L2i flfct£i3V»Tf± % HI 3 O I ©fit CM Mi4 
Ti, V, Mo, W, Cr, Mn, F e <Dtip<D 1 ®i 7^(4 2 ^fi£l_L:#»£> ^^¥^1 
«?-iMZ£5. 5^Z^7. 5 tnilt^ 4 -9 C BESS fri^ IIOfigCG a fc 
AU«ibtLTGai-x Alx ( 0 ^ x =£ 0 . 7) * £ 4 ? tEfS *L, III t 
IVcDfig CCo i^BBffi $ fih o 

C02 MGai-x Alx OB 2 #«7tC*3V>Tt4, H3OI©fiIS0 f II©fl[ 
M (uitli, Ti, V, Mo, W, Cr, Mn, F e<D^><D 1 iff i ^ J4 2 «£Ui 
tGatAl t^miUCie^iJ^tL, III StflVCDftgCC 05&*BB*$*L*o 
MtFetCrt^WM, Mi Gai- X Ah O^x^O. 7) 
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[0 0 3 4] 

±|S«co^ 1 co«^i^cMv^?H14»lI l , 5 <DM$5,M®.K*nmir2>o 

±IBM<7)C 02 MG ai-x A 1 x MJ4T i , V, Mo, W, Cr, Mn, 

p eO^Olil ±te2m&±.frb%*) , M^^ISl^MZ^S. 5^Z^7. 5 
T?2>lK O^xsSO. 7) l»)K3J4. ^T-5Hit14T-& *) % SS^jDltS 

Ct^<L2i 4 fcttB 2ffflfi(0C 02 MGai-x Ah WWk^W h ft 2> 0 

£ biz, ±mBJ&<7)C 02 MG ai-x A l x (?-Z-X\ MliT i , V, Mo, W, C r 
, Mn, F e <D$><D imt ?zl± 2m&±frb% *) , M*«f^it^Z#5. 5^Z 
^7. 5^&*K 3&*o, OsSx^O. 7) ftJR3liU W^i^nrnmSt^^KW^MK 
i3V>Tk, L2i 4 tzitB 2m%%7k-h t '&hiv2> 0 

C02 MGai-x Alx Mi±Ti, V, Mo, W, Cr, Mn, F 

e<D^(D im.£?zl±2m&±frh%: , M* OTOffim^M Z ^ 5 . 5^Z^7. 5^ 
&>9, *»o, O^xSSO. 7) l¥fli^B2#^tti, L 2 1 tltaHLtv^^ 
OJ4L2i ffifit-Cti, _h|2M t G a (A 1 ) JI^^flJjlJlft^Be® LTV^ <75^*fU B2 

[0 0 3 5 ] 

±|BCo2 MGai-x Alx WB3iZ^X^ M©¥^ilflIZ 5. 5 ^M^ 
7. 5tL/:ia(:o^tIitl)o Z^5. 5 4 <9 v^h „ ItH^^r ^ V 1 
OO°C^T0^ lfit^^^TMR^l#?)^<^l»o Z^7. 5£M£&^ 

^sso^- ? ^ ^ ^mmmm u c p p m^u^m^Mtfm&m^Rv* v > 

[0 0 3 61 

m 4 ti, ^^K^an 2 <Dmmm\z x ^m^mm^m^tzm^&mmm^omm 

hy^;H^lWi^l0l±, #0xJ4\ it2±tCC02 MGai-x Ah ( 
iClTN MliT i , V, Mo, W, Cr, Mn, F e <7)^p<D 1 fit fzli 2 m&±frb % *) 
„ M^Of^it^tlZ^S. 5^Z^7. 5T^)i9, ^O, O^x^O. 7) S1I3 

# s @ei& $ *u h y * jvm t & & mmm 1 1 , wmm 1 2 , Ran&fe ji 1 3 mn^mm £ 

[0 0 3 7] 

iit, RMteifl 3J4, Silttl 1 2 t°>£m;f Bflf> xtf ;v 

W.(OmT&(Dtz&\zm^X^Z>o ^(DlB&K&^Xit^ C02 MGai-x Alx £t\ 
Mi±Ti, V, Mo, W, Cr, Mn, F e (O tp<D 1 li £ J4 2 ffiM±^ ^ * 0 . M^O 
^MmTzfeJSZ^5. 5sSZsS7. 5-tr*!9. ^o, O^xsSO. 7) Il3^r7'J- 

ii&lfUl 1 3 fc«A 1 2 Os ^A 1 (Dtt\\MX-h%> A 1 Ox 1 4 \Z\±C o F 

e, N i F e, $>SV^Ii, CoFetNiFe t if*. R3»M 1 3 £tt I 

[0 0 3 8] 

^f£fi;t*f f 1 5 14^ St 2 ± C^' y 7 7 -1 4 t C o 2 MGai- x Alx 

M14T i, V, Mo, W, Cr, Mn, F e<D^<D 1 M.t tz (4 2 U&llfr h 5& <9 > M4>0 

^^iffili'lS Z *« 5 . 5 Z 7 . 5 T?* 19 > ii^, 0 ^ x ^ 0 . 7 ) 3 j6*SBS&$ 
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tu h y * ;v® t ft h mmm lit, mrn&m 1 2 1 , blM'&js 1 3 1 > 1 4 & 

i»I4omfeJf 1 4 jWOUMMI £ *Lfc#i£ ^Ltv^ 0 m 5 4 i: * ft & <o ti 

, bi 4 ©fliat^ 7 7 7 -i 4 ^ tL/c* t ^ ^ 0 m<DMMteB4: tmz 

[0 0 3 9 ] 

^fi^i* : f : 2 Oil, SS2±KAy77-i4iC02 MGai-x Alx (iit, 
Mi±T i, V, Mo, W, Cr, Mn, F e<D^P<D 1 ttt fe{4 2 «JBLtj&»£> ft . M^O 
¥*&'ii* ; f-*flE Z 5&« 5 . 5^Z^7. 5T?*tf, O^xsSO. 7 ) 3¥UI 3 ^KtS! £ 

*U b > * ;>Jf t ft S jpfegUS 1 1 C02 MG ai-x A 1 x (ii-C, MiiT i , V, 
Mo, W, Cr, Mn, F e <D^(D 1 fit fe \t 2 flJiUi/^ £> ft *) % M^O^P^ffim^-fllE 
Z/6 S 5. 5^Z^7. 5^1), O^x^O. 7 ) ffJR 1 6 fc , Rmm&m 1 3 

, umwk dpm&ommm 1 4 swnufcawi $ tt^#^ ^tuv^ 0 me $m 5 o« 

G a i-x Alx MliTi, V, Mo, W, C r, Mn, F eO^O 1 tffcii 

2 5tt£JUb&» S> ft «J , Mt©¥%eilZ^5 . 5s£Z^7. 5 T?* D , **o, 0^x 

sso. 7) ill 6 *fflv>fc&-c*;&o #oflliii±Bi5 fcrat-c** 0 

F>^iHMi*l?l 0, 15, 2 0 tem&ZilUTL&Wj&te, C02 MGai-x 
Alx (^--C, Mt4Ti, V, Mo, W, Cr, Mn, F eOt©llt^l±2i£l± 
jfrlbfc *K M^coTOffim^-?tJSZ75 s 5 . 5^Z^7. 5-eafe«9.^o. 0 S= x sS 0 . 7 
) f!3 4 feti^y 7 r -m 4 till 1 4 £ (DfflbzWlMZti&o tfz, II 
Wftte^ftiZfil-huZtl&o A-;77-14^^1Sll 4^<OSaEwaEL^"{±, MMSlt 

^iRi»w*aE*iiiE^cp Piifct^ifcw^c 

[0 0 4 0] 

±|2 h > * ^at^tSfifeSft**^ 10, 15, 2 0 Cfflv>i 2 tt, t s 

i, #9* ft MgO, Ah Os n G aA s ^M^t^ot iv^ 0 

4 fc. ^ 77-14i LT, A 1 , Cu, Cr, Fe, Nb, Ni, Ta, NiFe 
ft ^*fflv>* 

±|fiC 02 MGai-x Alx Mi4T i, V, Mo, W, Cr, Mn, FeO 

tfO lit ifctt2«J&U:;fr&ft 19, M^^ttti'MZ^S. 5^Z^7. 5T?&«? 
, OsSx^O. 7) mil 3 coHff{± 1 nmll-e 1 M mMT-C&tU3t i V^ D £<0JR 

nm*itli^SWCL 2i £ fetiB 2 IMBUES *#S ©**ffllll£ft 19 „ ^U, 

tonus** 1 ^m*ix.i>th > * ^astfett**^ t L-c<DmmiPmmfr%*)ftt l 

< ftv> 0 ±|B«^;co^:|&0^co h > * 10, 15, 2 0 14, 

, is - if T "7* v - -> a M B E ft ir <7? stliU&Hfe fc , Bf5eoB;yt<£> 

[0 0 4 1 ] 

*f&WO«tt*]||*ffiV>it«^!CffitlLS6*3lE : ?- 10, 1 5 i4> — •o<^5»aS 3 , 12* 
ffiv^ — ^^{4R5»l4iS 1 3 7&*ia^L. SSLMfflll2 (tf>») <0^tf>*H 

-It^^MttlC 02 MG ai-x A l x MS4T i , V, Mo, W, C r , 

Mn, F e <D$><D lti t± 2 & ft On M^O^i^SSZ#5. 5^Z^ 

7. 5T?*»), *»o N O^x^O. 7) *H3 W^lf>©*36*RlE§tLSo 

L/;#ot, 7f>A*jV7i*i:J:^ffiftil 2 o^bi4. R5M!ttH 1 3^©Xi 
ffiEf^fflt'ioT^tfV^l^I^It'H^^ttSO^ 7 V -Jg-eabSC 02 MGai- x A 
lx (iil?, MfiT i , V, Mo, W, Cr, Mn, F e <D$>(D 1 ®4 fe&4 2 aJ0L±*» 
^ft 0 „ M^c^W'fffi« : f-}iS-RZ^5 . 5^Z^7. 5T?*^ O^x^O. 7) 
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iWl, "7'J -Jf-C&SC 02 MGai-x Alx (ii"C% MliTi, V, Mo, W, 
Cr,Mn, F e(D*<Dim*tz\±2m&±frh%*), M*<D*F1%ffin=?-WtB.Z&5. 5 
s£ Z s£ 7 . 5 T** •} > 0 ^ x ^ 0 . 7 ) &JR 3 ©jSKtoF/hS v*fci^ 

C *l J: I? , <7>Y>* >H8*Cffi£b3&*3lf ^ 10, 15 11, MRAM^ XiSMJl 

[0 0 4 2] 

h > * /H8&&ft3»*5lHF- 2 0 ii, § fc, if >»<^aW»tt« 1 6i7V -g-C*&3i§ 
IttWCoj MGai-x Alx (Cit, MliTi, V, Mo, W, Cr, Mn, F e <D 
$><D imt fci± 2 micl±.fr h& Mt«¥^lIMZ#5. 5^Z^7. 5 "Cafe •) 
, fr-o^ O^x^O. 7) |»§l3i:llUCo2 MGai-x Alx MliTi, V 

, Mo, W, Cr, Mn, Fz<D^<DlM.Z.tzlt2W>Mfrh%; 1 0, M^^^ffi^^A 
<gZtf s 5. 5 < Z ^ 7 . 5-e^>l9> fr-o, 0sixs£0. 7) &£|V»"CV*&(£>T\ ±15 (1 

^<ft£o £*UCJ:»K *3&9§4> h > ^ W^&m*?- 2 0 fi, MRAM^^fit^ 

[0 0 4 3 ] 

7 7-14^3111^^4*^0 02 MGai-x Ah (iit\ MfiT i , V, 
Mo, W, Cr, Mn, F e <D*<D 1 m.Z fcli 2l£l±^t ft 0 , M^W^tifiW^iftS 
Z fr 5 . 5 ^ Z ^ 7 . 5 -e& 0 , ri>o, 0 ^ x ^ 0 . 7 ) $]& 3 ffi&Q&m 

m 2 1 tai^s 2 2 tfiit^^»tt<7)iti 1 4 tfrmtkmmztiKm&z^L 

£0 ^OTJfU4, TOfi^¥ 5 ff C^ii^Wo /ty7T-J14*»fe**Mll 4^0 

mi" * W * C P P flftt ttSii: § * o 

[0 0 4 4 ] 

^*^3 Otl^SWli, M'ftg 2 2 fcMJf 1 4 fc<z>|flfcKSI*Bte« 1 3*m.Ws * 

So tit, g^m««3^«f- 3 0, 3 5 ©A«;7r-i4 kWMm 1 4 fcOlWH* 

SSI 4^<*>m«lE<£>iiiGL#f± N KMrt^WJlESriilft^W C I Pflliifc, MMSlt 

#Ir] tll^It^^ 7°-e* ^ C P p#ift 1 1-* i t frx- # s o 

[0 0 4 5] 

IfagTcMfi^ilti 1 3 0, 3 5C9»I2ii, mWMtS i, t'<73#lt H H H , 
MgO, Ah Os , G a A s ^OTfel^v^i fc**t?§*o ttz, rty 
77-14tLt, Al, Cu, Cr, Fe, Nb, Ni, Ta, N i F e 4 i?*fl§v»<& 
i t i I) o #114^1)1 2 U L T 11, Cu, A142ft|v»4:tms, Sfc 
, MM 2 2tLT(lCoFe, NiFe, C02 MGai-x Alx M(4T 
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i, V, Mo, W, Cr, Mn, F e <D^co 1 jffit tzli 2 m£k±.fr h & ^ . M4"©^i 
m^-itJg Z 3 s 5 . 5 Z ^ 7 . 5T^^ 0 ^ x ^ 0 . 7 ) t*<DfiJtlfr—o 

KJ±I rMn4^IV^iH s ti^o 

±IBCo2 MGai-x Alx (iit, MttTi, V, Mo, W, Cr, M n , FeO 
fco imt fzlt2m.&±.frb% *K M%> <D¥%3{Ml L m& Z & 5 . 5^Z^7. 5 «9 
, O^x^O. 7) 1*113 Oiftt, 1 nmJ^lt'l jum^Tt^Wf iv> 0 i <7> 

flfcff^l nmjfeS&^tt^KftfcL 2i t fz it B 2 <WfflSt^& . fU 

&?z&<D^x?x.m%t^m^xm&ir2>z-ttf-x?%2>o 

[0 0 4 6] 

^0g^ffi±»II^Mv^c5lt^|«am*^l?*^E«^®^**^3 0 03»l£ 
Jf-C&£Co 2 MGai-x Alx (£^-C\ MJ4T i , V, Mo, W, Cr, Mn, Fe 

<d^<d im%?z&2m)&±frb% V), M^<D^n}mmi L mmz^5 . 5^z^7. s^$> 

*K ^o, O^x^O. 7) II 3 * $ JV^h^^hfrhTs^yftU^^jK^ 

v^ 0 ico/t^, ^§|5il#^eptin$tL^t H:fe$t^4tS<0li, i«»13<7)-^ 

IP*>. G M R h ti& o 
[0 0 4 7] 

?3 5 c^^n tr >m-?& & mm^m 2 2 07, n° > a^itttJi 1 3 ^ ± 19 tt 

Ti3l9, ^fMH#*enia-r^^i 7'J-)|t*l,Co2 MGai-x Al x 

, MHTi, V, Mo, W, Cr, Mn, F e©*0 1tS^:l±2i^±^f)^^ M4> 

(D^mn^ifk&Zffb . 5^Z^7. 5-C^)J9. O^x^O. 7) fill 3 cD^ If 

JK^^Coa MGai-x Alx (££T-> M(4T i , V, Mo, W, Cr, Mn, Fe 
<D^<D im.£?zli2m.&±frb% M^^^ftli'ISZ^S. 5^Z^7. 5 

OsSx^O. 7) fi3 <D— -fttDT, tf'?:'&Z><D'Q\ #f C^I^GMR 

[0 0 4 8 ] 

[ 0 0 4 9] 
[0 0 5 0] 

^B«£i|lra£-e-& ^ f« (III) (IV) ^^THJt (v) Ito 

ffilE#2 005-3020468 



#IS 2004-037514 



: 11/ 



(I) mm (V) <?)^M#^^V>-C. MttI2 2i:7'J-i^SCo2 MG a 
i-x Alx (icT\ MiiT i, V, Mo, W, Cr, Mn, F e <D*<T) 1 ®f fcli 2 It 

. 7) »JB! 3 fc^>^e^*»spfr fc4 *K */ho3£#b£&*o fU, (Ill)"Cli±|B 
*fcT>j& t CTff<P*fcJ8!fc&'!K ^^»t^^o C02 MGai- x Alx i»M 

3 tt, MxiiX 02 F e C r G a £JiV*& i fc^-elSo 
[0 0 5 1 ] 

^W^EPiDL^i:l> TI5 (2) 5£-C*3*U i^Hft 
»*C«#taMfc*= (ft^wjSK-f/I^ffiSi;) /W'h<oWfc (%) (2) 

[0 0 5 2 ] 

? K * fll v> /;^tOl^EiSf?:iit Sit i & „ 

;*:§:v*tf>TN /\- Kf-f ^^IEI&^* (HDD) *»MR AM4 ifO^^SO^c^fi'fb^ 

[Hifefli i ] 

[0 0 5 3 ] 

^S&M^ttlWflET?** C 02 MGai-x Ah t LT, M^CrtUllxHt 
LfcC-02 CrGaSrft^Lfco £OS^ MC^fl^ISZtt, 6 

**Jfc, *|fe?i©j8tt»l©^t45Co2 C r G a^ORftC^V^RStSo 
SMSWC o t C r G a *-€-*L-T*L2 5 96, 2 5%, 5 0%W,«JtT\ 
flctAL, 1 1 0 0*CT2 4\%m<V&M*ft^\ jfcyW&Aft&LTC 02 C r G 

[0 0 5 4] 

IH 1 0 HJfefll 1 X-mtLfzC 02 C r G a^irO [0 1 - 1 ] AltOW^ifcB*?* 

75-tm^^So «^-tr-Aoin^sBE(4 2 0 0 k vt** 0 > m^oi&^i, *tt^ii, ( 

2 0 0), (111), (0 2 2) WfcJf^fc^itfffc^LT^So 
H**feMfe**4: J: 3 (2 0 0), (111) ®^&<0ffl&flllEUttf s #tetiiKU * 

^^^HU#:^^- B B H ^*n}i\ Sffl:^t (2 0 0), (111) Mfrb 

<Dm$ri*2WM£ , kmmL%^o ttz, B2tMMf (200) mfrh<om^<r>^ 

HJSU (111) Wfr&oEttftt^F^ELfcv*,, 

±ffiCo 2 C r G a^i^-^y h Ltfflv^KM^;^ ^SSHCJ: «9 > ^SMb 
S i SfcttS i M2 fc/ty 7 riS 4 UTafMfi L^M2±K, C o 

2 C r G a *K**«i!Jfc*g;fcTflJSLfco 5 0 0 °CMT^\ iOi^:L 
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Tl^L/;Co2 C r G altl!3 ©#iSttL 2i 1/cliB 2|tT^o/; 0 

[£26011 2 ] 
[0 0 5 5 ] 

14 tLT, Ta (lOnm) /C02 CrGa (300nm) /A 1 Ox (1. 6nm 
) /CogoFeio (5nm) /N iFe (2 nm) '/I rMn (2 0nm) /Ta (10 
nm) *JHfc«JiLt\ !>>^;«M*f?l 5?rl^L^o afiOt^l^ti 

Tatt^777-14> C02 C r G a 3SJgl 3 V -g, A 1 O x ttbv* 

11, C o 9 0 F e 1 oRVN i F e ti aH&l&S 1 2 <7> fcT > JB "CtK-frJH^ <b * S ffiM 
I r M n JiSM'ftJl 1 3 C& <9 , C o 90 F e 10/N i F e <7)3»f£JS 1 2 tf 
>^@St^Sffl*Ltv^ 0 fit, RSBU&t&B 1 I rMn±<7)Ta!^ 

11 4 C&So 

iit% ±|BO h ^;H&«gC&S A 1 Ox &.9\-<D&mJ&.W$Ki3W&' ! ?jr* fn> 
<75]*jir^m*{± 1 0 0WC*H, A 1 Ox 60-7°9X^^b^J;^^|lH#Olftjlf^m^J{±4 

4 0 0°C-C^)«9, £<Di§t^<DC 02 C r G all3 (4^ L 2 1 flliiCabofco J&M 
1 0 0 O e ©»#&EPflnLT]RWF3fc— 44^tt**A Lfc 0 
[0 0 5 6 1 

£OMJ?^3 0 0 nm«C 02 C r G alttll^ft^ b > * /l'»&S#La&*3lHP 1 

Ell lit, 2<DY y * )^m.%WnM^m^- 1 5 ofiiS;ofl8»<K^tt*^-tia-C* 

So H©«ili^«W8*H (Oe) -Cafe 1? . tiHbtt£& (O) C£S d «&i;*£Sfc«\ ^ 
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